INTRODUCTION
============

Since chemotherapy for hematopoietic cancers is typically associated with severe neutropenia, the management of febrile neutropenia (FN) is very important for patients receiving chemotherapy. In such cases, the aberrant blood counts caused by the underlying disease are exacerbated by the myelosuppressive effects of treatments with high-dose anticancer agents. The resultant inhibition of immune responses causes rapid deterioration of patient health, and has negative impact on patient outcomes. In many cases of chemotherapy-induced infections, it is difficult to identify the causative microorganisms. Nevertheless, gram-negative bacilli, including *Pseudomonas aeruginosa*, have been often isolated from patients, and are known to be associated with severe clinical symptoms, including endotoxin shock.^[@ref1])^

The effectiveness of third- and fourth-generation cephalosporins and carbapenems as agents for empirical antibiotic therapy for hematological cancer-associated FN has been extensively described in clinical studies, and in treatment guidelines.^[@ref2],\ [@ref3])^One report suggests that it is desirable to deal with the high risk for FN in patients with acute leukemia, even if they are not deemed to be at a high risk as indicated by their Multinational Association for Supportive Care in Cancer Risk Index scores, while they receive remission-induction therapy or consolidation therapy for their leukemia.^[@ref4])^ Although there are many reports describing first-line treatments for FN in patients with hematopoietic cancers, there are no detailed reports describing the effectiveness of these treatments in patients with acute myeloid leukemia (AML). We retrospectively examined and evaluated the effectiveness of first-line antibiotic treatment regimens for chemotherapy-induced FN in patients with AML, in Japanese Red Cross Nagoya Daiichi Hospital.

MATERIALS AND METHODS
=====================

Subjects
--------

This study evaluated 45 cases in 30 patients with AML who received antibiotic therapy for FN after undergoing chemotherapy (including induction and consolidation therapies) between April 2015 and March 2016, in Department of Hematology Japanese Red Cross Nagoya Daiichi Hospital.

The major exclusion criteria for the present study were acute promylocytic leukemia (APL) and the patients, who had already used antimicrobial when they had an onset of FN.

Study parameters
----------------

We retrospectively surveyed patient medical records and evaluated the following parameters: patient age, gender, body temperature at the times of initiation of antibiotic agents, serum albumin levels, white blood cell counts, neutrophil counts, C-reactive protein levels, serum creatinine levels, blood cultures, anticancer treatment regimens, first-line antibiotic treatment regimens, changes to the antibiotic treatment regimens, and treatment with granulocyte-colony stimulating factor, prophylactic use of antifungal agents. An increase in serum creatinine levels by greater than 50% from baseline or 0.5 mg/dL was defined as an impairment of renal functions.^[@ref5],\ [@ref6])^

FN in patients was defined as the possession of neutrophil counts that were either lower than 500/μL, or less than 1000/μL and predicted to further decrease to below 500/μL, at an axillary temperature ≥37.5°C.^[@ref3])^

Response criteria
-----------------

Response criteria were as follows: (1) Markedly effective: normal body temperature restored within 4 days of treatment administration and maintained for a minimum of 3 days, with improvements in clinical symptoms and laboratory findings; (2) Effective: a reduction in fever within 4 days of administration and the restoration of normal body temperature within 7 days, with improvements in clinical symptoms and laboratory findings; (3) Moderately effective: a reduction in fever within 4 days of administration that continued through the seventh day, with improvements in clinical symptoms and laboratory findings; (4) Ineffective: no reduction in fever was observed within 7 days, and clinical symptoms and laboratory findings associated with infections remaining unchanged or worsening.^[@ref7])^ This includes cases where no reduction in fever was observed within 3 days of administration, and the treatment regimen was altered.

Markedly effective and effective responses were defined as successful treatments in cases completed and successed by first-line treatment, and moderate effective and ineffective responses were defined as unsuccessful treatments in others including additional treated with glycopeptides.

Statistical analyses
--------------------

Statistical significance between the two groups was determined using Student's t-test or Fisher's exact test. Univariate logistic regression analysis was performed to assess the independent contribution of the risk factors to unsuccessful outcomes by first-line antibiotic agents. P \< 0.05 was considered statistically significant.

Ethical considerations
----------------------

This study was approved by the Ethics Review Committee of Japanese Red Cross Nagoya Daiichi Hospital (No. 2016-074) and followed the Ethical Guidelines for Medical and Health Research Involving Human Subjects and the good clinical practice guidelines.

RESULTS
=======

Patient characteristics and treatment
-------------------------------------

The characteristics of the 30 patients studied, who had an average age of 51.3 years, are listed in Table 1. In total, 45 cases of infection occurred among 30 patients. Average C-reactive protein levels, neutrophil counts, and body temperature at initiation of antibiotic treatment were 3.07 mg/dL, 35.9/μL, and 38.6°C, respectively.

In 14 cases, infections were confirmed by two sets of blood cultures and by indication of therapeutic start in the medical records. First-line treatment regimens evaluated in this study were as follows: cefozopran (CZOP) + amikacin (AMK) in 38 cases (84.4%), cefepime (CFPM) alone in 2 cases (4.4%), CFPM + AMK in 2 cases (4.4%), piperacillin (PIPC) + AMK in 2 cases (4.4%), and CZOP alone in 1 case (2.2%). Prophylactic antifungal agents were administered in all cases.

Clinical outcomes
-----------------

Impairment of renal functions was confirmed in 11 cases (24.4%) ([Table 1](#table1){ref-type="table"}). All of these cases had received combination treatments which included AMK, and 9 of these cases had a glycopeptide \[vancomycin (VCM) or teicoplanin (TEIC)\] included in their treatment regimens ([Table 1](#table1){ref-type="table"}). Glycopeptides or granulocyte colony-stimulating factor (G-CSF) were used in accordance with the Infectious Diseases Society of America (IDSA) and National Comprehensive Cancer Network (NCCN) guidelines in cases who had gram-positive cocci in blood cultures or had severe mucositis.

###### 

Clinical characteristics of patients

  Patients: 30                               
  ------------------------------------------ --------------------------------
  Age                                        51.3 ± 17.5
  Gender                                     Male 21, Female 9
  Cases: 45 \[( ): number of cases\]         
  Body temperature                           38.6 ± 0.8
  CRP levels                                 3.07 ± 3.64
  Neutrophil count                           35.9 ± 72.2
  First-line antibiotic treatment regimen    CZOP + AMK (38)
  CZOP (1)                                   
  CFPM + AMK (2)                             
  CFPM (2)                                   
  PIPC + AMK (2)                             
  Therapeutic regimen                        Induction and re-induction
  IDR + Ara-C100 (4)                         
  DNR + Ara-C100 (8)                         
  MEC (4)                                    
  CAG (3)                                    
  HAM (1)                                    
  Consolidation                              
  High dose Ara-C (2 g/m^2^) (6)             
  MIT + Ara-C200 (10)                        
  DNR + Ara-C200 (6)                         
  ACR + Ara-C200 (1)                         
  A tripleV (2)                              
  Impairment of renal functions (11 cases)   Additional VCM combination (7)
  Additional TEIC combination (2)            
  Additional AMK combination (11)            

The results were obtained from 45 cases in 30 patients. CZOP: cefozopran, AMK: amikacin, CFPM: cefepime, PIPC: piperacillin, IDR: idarubicin, HDAra-C: high dose cytarabine, Ara-C100: cytarabine 100 mg/m^2^, Ara-C200: cytarabine 200 mg/m^2^, DNR: daunorubicin, MIT: mitoxantrone, ACR: aclarbicin, A tripleV: cytarabine + etoposide + vincristine + vindesine, MEC: mitoxantrone + cytarabine + etoposide, CAG: cytarabine + aclarbicin + granulocyte colony-stimulating factor (G-CSF), HAM: mitoxantrone + High dose Ara-C, CRP: C-reactive protein, VCM: vancomycin, TEIC: teicoplanin.

The clinical outcomes of treatments are shown in [Table 2](#table2){ref-type="table"} The markedly effective, effective, moderately effective, and ineffective responses occurred in 31.1%, 8.9%, 8.9%, and 51.1%, respectively, of the treated cases. The cumulative success rate of treatment (combination of markedly effective and effective responses) was 40.0% ([Table 2](#table2){ref-type="table"}).

###### 

Clinical responses at commence of antibiotic treatment

                                                            \[(　): number of cases\]
  --------------------------------------------------------- --------------------------------------------------------
  Clinical response                                         Markedly effective (14)
  Effective (4)                                             
  Moderately effective (4)                                  
  Ineffective (23)                                          
  Period until alleviation of fever                         7 (range 1--28) days
  Medicine change or addition                               20 cases
  Antifungal agents                                         ITCZ-OS (37)
  VRCZ (5)                                                  
  FLCZ (3)                                                  
  Additional treatment with G-CSF                           2 cases
  Additional glycopeptides                                  2 casesVCM (12), TEIC (2)
  Blood culture positive                                    Methicillin-Resistant *Staphylococcus epidermidis* (2)
  *Streptococcus mitis* (8)                                 
  Methicillin-Resistant *Staphylococcus haemolyticus* (1)   
  *Stenotrophomonas maltophilia* (1)                        
  *Enterococcus faecium* (2)                                

The results were obtained from 45 cases in 30 patients. ITCZ-OS: itraconazole oral solution, VRCZ: voriconazole, FLCS: fluconazole, G-CSF: granulocyte colony-stimulating factor

As shown in Table 3, there were no significant differences in patient age, gender, serum albumin levels, or neutrophil counts at the initiation of antibiotic treatments, and the duration for attainment of neutrophil counts \<500 or \<100, treatment phase, first-line antibiotic treatment regimens, and therapeutic regimens between the successfully and unsuccessfully treated cases. However, there was a significant difference in body temperature at the onset of FN between the successfully and unsuccessfully treated cases (P \< 0.01; odds ratio, 0.22 confidence interval, 0.05 to 0.63) ([Table 3](#table3){ref-type="table"}).

###### 

Comparison of characteristics of patients

                                                              Successful (N=18)     Unsuccessful (N=27)   P            Logistic regression analysis                  
  ----------------------------------------------------------- --------------------- --------------------- ------------ ------------------------------ -------------- ------
  Age (years old)                                             51.7 ± 18.7           49.4 ± 16.7           0.67^a)^     1.01                           0.97--1.05     0.67
  Gender                                                      M13, F5               M20, F7               1.00^b)^     0.91                           --0.65--0.72   0.89
  Body weight (kg)                                            56.8 ± 10.5           53.2 ± 11.9           0.30^a)^     1.03                           0.98--1.09     0.29
  Albumin levels (g/dL)                                       3.68 ± 0.42           3.71 ± 0.40           0.82^a)^     0.84                           0.18--3.80     0.82
  Creatinine levels (mg/dL)                                   0.61 ± 0.18           0.67 ± 0.24           0.38^a)^     0.27                           0.01--4.44     0.38
  CRP levels (mg/dL)                                          2.38 ± 2.22           3.53 ± 4.32           0.31^a)^     0.90                           0.72--1.08     0.28
  Neutrophilic count (/μL)                                    34.6 ± 56.9           36.9 ± 81.8           0.92^a)^     1.00                           0.99--1.01     0.92
  Period less than neutrophils 500/μL (days)                  21.7 ± 14.2           20.0 ± 7.5            0.59^a)^     1.02                           0.96--1.08     0.58
  Period less than neutrophils 100/μL (days)                  10.3 ± 4.2            11.6 ± 5.0            0.35^a)^     0.93                           0.80--1.07     0.33
  Body temperature at commence of Antibiotic treatment (°C)   38.2 ± 0.5            38.9 ± 0.9            0.0053^a)^   0.22                           0.05--0.63     0.02
  Therapeutic regimen (HDAra-C/others)                        HD1, other17          HD6, other21          0.22^a)^     0.21                           0.01--1.37     0.16
  Treatment phase                                             Induction (6)         Induction (6)         0.24^b^      --                             --             --
  Re-induction (1)                                            Re-induction (7)                                                                                       
  Consolidation (11)                                          Consolidation (14)                                                                                     
  First-line antibiotic treatment regimen                     CZOP+AMK (14)         CZOP+AMK (24)         0.152^b)^    --                             --             --
  CZOP (1)                                                    CZOP (0)                                                                                               
  CFPM+AMK (1)                                                CFPM+AMK (1)                                                                                           
  CFPM (2)                                                    CFPM (0)                                                                                               
  PIPC+AMK (0)                                                PIPC+AMK (2)                                                                                           
  Therapeutic regimen                                         High dose Ara-C (1)   High dose Ara-C (5)   0.14^b)^     --                             --             --
  HAM (0)                                                     HAM (1)                                                                                                
  IDR+Ara-C100 (3)                                            IDR+Ara-C100 (1)                                                                                       
  DNR+Ara-C100 (3)                                            DNR+Ara-C100 (5)                                                                                       
  MIT+Ara-C200 (7)                                            MIT+Ara-C200 (3)                                                                                       
  DNR+Ara-C202 (2)                                            DNR+Ara-C200 (4)                                                                                       
  ACR+Ara-C200 (1)                                            ACR+Ara-C200 (0)                                                                                       
  A tripleV (0)                                               A tripleV (2)                                                                                          
  MEC (0)                                                     MEC (4)                                                                                                
  CAG (1)                                                     CAG (2)                                                                                                

The results were obtained from 45 cases in 30 patients. M: male, F: female, P: probability value, N: number, HD: high dose cytarabine, CRP: C-reactive protein, CZOP: cefozopran, AMK: amikacin, CFPM: cefepime, PIPC: piperacillin, IDR: idarubicin, HDAra-C: high dose cytarabine, Ara-C100: cytarabine 100 mg/m^2^, Ara-C200: cytarabine 200 mg/m^2^, DNR: daunorubicin, MIT: mitoxantrone, ACR: aclarbicin, A tripleV: cytarabine + etoposide + vincristine + vindesine, MEC: mitoxantrone + cytarabine + etoposide, CAG: cytarabine + aclarbicin + granulocyte colony-stimulating factor (G-CSF), HAM: mitoxantrone + High dose Ara-C, CRP: C-reactive protein, VCM: vancomycin ,TEIC: teicoplanin. OR: odds ratio, 95%CI: 95% confidence interval. ^a)^ Student's t-test, ^b)^ Fisher's exact test.

DISCUSSION
==========

Refractory and rapidly progressing FN is often present in patients who are treated for hematological malignancies. Prompt and appropriate treatment of FN is critical for a favorable prognosis. Patients with infections in whom causal microorganisms are not identified typically undergo empirical antibiotic therapy. In patients with AML, myelosuppression is frequently exacerbated by intense chemotherapy, and therefore such patients are at risk for serious or even fatal infections. This risk is further exacerbated by persistent neutropenia. Chemotherapy-induced damage to the oral and gastrointestinal mucosae may provide entry routes for infectious agents. In our hospital, the therapeutic administration of G-CSF is applied in accordance with the FN guideline that recommend in cases of sever neutropenia. Some studies have noted that the administration of G-CSF induces adverse effects in patients with AML.^[@ref8],\ [@ref9])^In the present survey, 2 cases were treated with G-CSF, and all cases were promptly treated with antibiotic agents immediately after the onset of FN. Most cases (84.4%) were treated with a combination of CZOP and AMK. CFPM is widely used to treat FN in Japan; however, the susceptibility of *P. aeruginosa* to CFPM has decreased progressively.^[@ref10])^ The findings of this report were consistent with the finding of our survey that the susceptibility of *P. aeruginosa* to CFPM in patients who were treated at our Hematology Department had decreased to 66.7% in the fiscal year 2008 (100% in the fiscal year 2015). We found that CZOP was used more often than CFPM for treatment, and this finding suggested that physicians may be concerned about the decrease in susceptibility of *P. aeruginosa* to CFPM. As CZOP is currently being used for most patients, we need to monitor the susceptibility of infectious agents to CZOP. Hashino *et al*.^[@ref11])^ reported that cycling therapy is associated with a larger decrease in the incidence of infections caused by multidrug-resistant bacteria. Taken together with our results, these data suggested that treatments incorporating fourth-generation cephalosporins, carbapenems, and tazobactam (TAZ)/PIPC may help in combating the multidrug-resistant bacterial infections.

In the present survey, we found that 40.0% of FN cases were successfully treated by first-line antibiotic agents. In addition, 36.8% of FN cases were successfully treated with CZOP+AMK as first-line treatment. Previous studies have investigated the effectiveness of fourth-generation cephalosporins as first-line treatments for FN in patients with hematopoietic cancers. In patients with neutrophil counts of ≤500/μL, treatments with CFPM and CFPM + AMK regimens resulted in success rates of 27.6% and 45.0%, respectively, 72 hours after administration.^[@ref12])^ In patients with neutrophil counts of ≤100/μL, treatment with CZOP resulted in a success rate of 61.8%, after 7 days;^[@ref13])^ the success rate with TAZ/PIPC treatment in such patients was reported to be 57.7%, after 72 hours.^[@ref14])^ Tamura *et al*.^[@ref12])^ also reported that the success rate with CFPM treatment in hematopoietic cancers without leukemia was higher (74.0%) than that with leukemia (53.3%). Taken together with the results of our survey, fourth-generation cephalosporins (CFPM and CZOP) shows clinically equivalent effectiveness as to FN, whereas the success rate in leukemia including AML is likely to be lower than other hematopoietic cancers. It is not possible to directly compare these results with those of studies evaluating patients with other hematological malignancies, because the present survey was limited to AML patients. AML is a cancer of immune cells in which neutropenia is a notable feature, and FN occurs at a higher frequency in patients with AML than in those with other hematopoietic malignancies.^[@ref15])^ Therefore, it is necessary to determine whether responses to first-line treatments for FN are dependent on the type of cancers or on other background factors. In this survey, there was a significant difference in body temperature at the onset of FN between the successfully and unsuccessfully treated cases, suggesting that the monitoring of body temperature is necessary to assess the efficacy of first-line antibiotic agents, as well to predict the risk of unsuccessful outcomes.

Combination treatments with aminoglycoside antimicrobial agents have been widely used as standard therapy for FN because of their high success rates of treatment.^[@ref12])^ Compared to treatments with single agents, combination treatments induce many side effects, particularly higher incidences of renal toxicity. The failure rate of such treatments is high; they do not significantly improve survival in patients.^[@ref16]-[@ref18])^ Therefore, combination therapy as first-line treatment for FN is presently not recommended in principle. In patients with acute leukemia or with hematopoietic stem cell transplantations who exhibited severe neutropenia persistently over long periods, combination treatments showed rapid antipyretic effects. IDSA guideline and a report recommend that combination treatments should be used to treat FN in patients at early stages when changes in vital signs, such as decreases in blood pressure, are observed, when infection with drug-resistant bacteria is suspected or verified, or if the general health of the patient is unstable.^[@ref19])^ In fact, combination treatments including AMK have often been used to treat patients with AML in our Hematology Department.

In the IDSA and NCCN guidelines, combination treatments with anti-methicillin-resistant *Staphylococcus aureus* (MRSA) drugs are recommended as first-line treatments for FN in the following cases: (1) in patients who are MRSA carriers, (2) in patients who have severe mucositis, (3) in cases of severe sepsis, or (4) in patients prior to the confirmation of gram-positive bacteria in blood cultures.^[@ref4],\ [@ref20])^ In the present survey, patients either had gram-positive cocci in blood cultures or had severe mucositis, suggesting that our use of combination treatments in such cases was appropriate.

We found impairment of renal functions in 11 cases (24.4%), all of whom had undergone combination treatments with AMK. In 9 of these cases, the patients had been treated with combinations that included vancomycin (VCM) or teicoplanin. It is known that these drugs induce impairment of renal functions, and combining them together further enhances this property. Nevertheless, dose reduction or drug discontinuation can help to recover renal functions. For FN, an initial treatment incorporating AMK is not recommended because this increases the risk of kidney damage.^[@ref18])^ Combination treatments are recommended as first-line therapy for patients with AML because they are extremely susceptible to infections, especially due to the prevalence of neutropenia.^[@ref4])^ Thus, as combination treatment with AMK and VCM is known to significantly increase the incidence of kidney damage,^[@ref21])^ this treatment should be administered with extreme caution.

In the present survey, there were no significant differences between the therapeutic responses of patients who were treated with a regimen that included a high dose of cytarabine (2 g/m^2^) and those treated by no high dose cytarabine regimen or regimen included cytarabine (100--200 mg/m^2^). A report published by the Japan Adult Leukemia Study Group suggested that treatment regimens including a high dose of cytarabine (2 g/m^2^) indicated significantly higher rates of infections than those that included cytarabine (200 mg/m^2^); however, there was no significant difference in the incidence of FN, between both the groups.^[@ref22])^ In the present survey, we evaluated a relatively smaller number of cases. Thus, we need to conduct a similar study on a larger scale to confirm whether the success of first-line treatments for FN is affected by differences in treatment regimens for AML.

FN is a serious disease. Thus, insufficient first-line treatments for FN induce infections with drug-resistant bacteria, and strongly influence prognoses in patients. Although the initial treatments with fourth-generation cephalosporins are expected to provide some benefits, the well-balanced use of antimicrobial agents may prevent infections with less-sensitive bacteria, such as multidrug-resistant *P. aeruginosa* and extended spectrum beta lactamase. In our facility, we continue to further evaluate the differential effects of antimicrobial agents, or the susceptibility of bacteria to them, and to treat to patients with AML.

There are some limitations to conclude our findings. First, since the present survey was performed to evaluate multiple episodes from the same patients in one facility, we should consider about sampling biases. Second, we excluded APL because of the difference in the standard treatment regimens between APL and other types of AML. Third, since the majority of FN cases were treated with CZOP+AMK as first-line treatment, we could not compare to other first-line antibiotic regimens. Further study is needed to analyse the independent patients in multiple facilities, and to conduct comparative analyses including other hematopoietic cancers and various regimens of first-line antibiotic agents.
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